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MAGNETIC MATERIALS FOR SECDRITY APPLICATIONS 
This application relates to magnetic materials and 
their use in tags or markers in systems for security 
tagging, anti-pilferage, article location and article 
identif i cation « 

Anti-pilferage tags or markers are applied to 
articles of commerce in order to protect them from 
theft from the sale premises. Similar tags are applied 
to articles or persons for stock control or 
identification purposes, being detected when the 
articles or persons pass or attempt to pass pre- 
selected detection stations. The markers are also 
attached to fixed articles which may be concealed, 
encased or covered over by other structures or 
materials; in this case, the articles to which the 
markers are attached are located by the use of a 
portable marker detector. 

In order to achieve the desired magnetic 
properties, and in order to minimise the overall size 
and manufacturing cost of the maxker, it is 
advantageous to manufacture magnetic elements of the 
marker in the form of thin sheets, foils, or films. 
There are usually two components to such markers. One 
is an 'active' magnetic material which has soft 
magnetic properties, i.e. high permeability and low 
coercive force (under 100 Am*"''). The second component 
is a semi -hard or hard magnetic material, which is 
often referred to as a 'deactivation' material, and 
which has a medium permeability and a medium to hard 
coercive force (over. 1000 Am "1 ) . The active material 
produces the detectable signal, and the semi-hard or 
hard component produces a switchable dc magnetic field 
which biases or suppresses the response of the active 
material under appropriate conditions. Both types of 
material are currently produced using comparatively 
expensive alloys and processes to achieve the special 



magnetic properties, required. Examples of current 
alloys are Vacozet, Vitrovac and Crovac from 
Vacuumschmeltze in Germany; and Arnokrome from Arnolds 
in the USA. We have identified materials and processes 
which may result in cheaper production of the magnetic 
components . 

According to one aspect of the invention, there is 
provided a magnetically active tag or msurker which 
comprises a substrate; an 'active' magnetic material 
which is a soft magnetic material having a high 
magnetic peanaeability and a low coercive force; and a 
deactivating materia:l which is a hard or semi-hard 
magnetic material having a moderate or high coercive 
force and a moderate magnetic permeeOaility, whereby the 
deactivating material, when subjected to a sufficiently 
high magnetising force, is able to clamp the magnetic 
properties of the 'active' material so as to deactivate 
the 'active' material, characterised in that at least 
one of said 'active' material and said deactivating 
materietl is formed by an electrodeposition process. 

Thus at least one of the 'active' material and the 
deactivating material is produced by a techni<jue such 
as electrodeposition, electroforming or electroless 
chemical deposition. These processes are advantageous 
for producing thin foils of material with well-defined 
properties at low cost. They involve deposition of a 
metal or metallic alloy film from a liquid containing 
the metallic ions In solution, such as a nickel 
sulphamate solution; deposition being driven either by 
electric current or by chemical catalysis. With 
electroforming, the film is formed onto a mould, die, 
template, tool or mandrel, and may then be removed as a 
free-standing foil. The addition of small quantities 
of organic molecules to the working solution is used to 
control the stress in the electroformed film. In 
electrodeposition, the foil is usually deposited onto a 



metallic or conducting substrate or carrier from which 
it is not subsequently removed, while in electroless 
deposition the substrate need not be conducting. A 
further advantage of using such deposition processes is 
that the foil may also be formed as discontinuous 
elements (e.g. dots or islands) or as a sheet with 
holes, without material cutting or waste, since the 
area of deposition can be controlled by a simple 
masking technique. We have discovered that this 
masking can be achieved either by screen printing of a 
non-conducting ink or paint onto the metallic 
substrate, or by the use of an ink roller with a 
suitable pattern. Alternatively, a reusable mask may 
be pressed against th^ substrate during deposition, or 
photolithographic masking can be used. Another method 
is to fix non-conducting areas of material such as 
polymer or resin onto the former or mandrel in the 
electroforming process. A discontinuous film, or one 
containing a plurality of holes, is advantageous 
because the non-uniform shape enhances the magnetic 
effect of the component in the marking system, 
particularly the effect of the semi-hard or 
deactivating element. The ability to form a 
discontinuous or hole-permeated film or foil in one 
single process, without the need to subsequently cut or 
remove material, leads to considerable cost savings in 
the manufacturing process. 

These deposition processes are attractive for 
forming thin films below about 100 microns, and in 
particular for films below about 40 microns, since the 
process costs are lower than for rolling or casting 
processes, and they are particularly cost-effective for 
films in the thickness range 5-25 microns. A further 
advantage of these processes is that the magnetic 
properties are usually isotropic or uniform in the film 
plane, so that the materials do not have to be 



specially orieated during manufacture of the markers. 
The magnetic performauice of the components is thus also 
isotropic, leading to a better performance of the 
marker. In contrast, rolled or cast materials tend to 
have a strong anisotropy - for example, the coercive 
force may vary by a factor of two for different 
directions in the film plane, requiring that the 
material by aligned along specific directions during 
manufacture of the marker. 

The crystal grain structure produced by these 
deposition processes is often columnar in nature, i.e. 
long thin crystals with the long axis perpendicular to 
the foil plane. This gives the advantageous isotropic 
properties in the plane ^ as referred to above. For 
some applications, however, it is desirable to have 
anisotropic properties, We have discovered that this 
can be achieved by changing the additives to the 
electrolyte and changing the deposition conditions in 
order to achieve planar, rather than columnar, . crystal 
growth. The conditions required to achieve planar 
grain growth (often referred at as a 'bright' 
deposition) would be known to a person skilled in these 
deposition techniques. 

With columnar grains, the microscopic magnetic 
fields associated with the end faces of the columns may 
lead to unwanted magnetic effects, such as stray 
magnetic fields ,^ when the material is nominally not 
magnetised. We have discovered that these effects may 
be diminished if a thin layer of planar-grain material 
is deposited on top of the isotropic, columnar 
material, to form a magmatic short-circuit for the 
unwanted microscopic magnetic fields. 

We have discovered that a suitable material for 
the active or soft magnetic element is eletrodeposited 
nickel-iron alloy with 60-100% Ni. Low 
magnetostriction is achieved with Ni at 75-80%. Some 



subsequent heat treatment may be necessary if it is 
required to reduce the coercive force of the foil to a 
value below about 20 Am~1 . 

Formation of the semi-hard magnetic component by 
these deposition processes is particularly attractive 
since in general this is the largest component by 
voliime in the markers ^ The requirement of this 
component is a well defined coercive force in the range 
100-15,000 Am'l (depending on the design of the 
marker). We have found that suitable materials for 
this component, which can be manufactured in a manner 
described by this invention, include pure Ni, pure Fe, 
Ni-Co, Co and Co-W. With the alloys, the relative 
proportion of the second component is varied to produce 
the desired coercive force. Alternatively, the 
coercive force can be controlled by heat treatment such 
as annealing* We have fabricated electrodeposited 
sounples of all the above materials to produce coercive 
forces in the desired range and with sufficiently high 
squareness of the magnetic hysteresis loop to give a 
magnetic remanence ratio (M^emanant + ^saturation) of 
over 0.5. In particular, electroformed Ni produced on 
a dJTum mandrel can be rapidly and cheaply manufactured 
without undesirable residual stresses at thicknesses 
between 2 microns and 100 microns, and with coercive 
force easily controllable in the range 5000-6000 Am-^ 
without the need for heat , treatment. * Ni, Co and their 
alloys are also highly resistant to corrosion. We have 
found that electroformed Ni foil is also easily cut 
compared to currently used special alloys, so that 
pieces or holes may be easily stamped from the foils 
mechanically . 

According to another aspect of the invention, the 
electrodeposited material is rendered magnetically 
discontinuous or non-homogeneous by a selective cold- 
forming or deformation process such as stamping. 



rolling, processing or embossing. The deformation 
process changes the magnetic properties. In particular 
the permeability of the material In the plwe of the 
foil. The purpose of this Is that, as described 
previously, a pattern of changing magnetic properties 
enhances the structure euid efficacy of the magnetic 
field of the material. The advantage of a deformation 
process is that It leaves a mechanically continuous 
foil, with little or no topographic variations, which 
Is simpler and cheaper to handle In subsequent stages 
such as Icualnatlon, and which gives a more uniform 
surface finish in the final product, in addition, the 
deformation is simple to implement in comparison with 
foil masking, or cutting or removing pieces from the 
foil. 

According to a further aspect of this invention, 
the seml-hctrd component may be meinufactured from 
stainless steel in a suitable form such as rolled 
sheet, wire 'wool* or filings. We have discovered 
that, by ceureful control of Cr, C and Nl content in the 
steel, an alloy can be formed which has significant 
ferromagnetic content after cold-working (such as 
rolling) but which can be rendered non-ferromagnetic by 
a simple heat treatment. A commercially available 
stainless steel which satisfies the compositional 
criteria is type AISI 301 stainless steel, which 
contains up to 0.15% carbon, 16-18% chromium and 6-8% 
nickel. Cold rolling of the sheet (preferably to 
approximately 50% reduction) gives a coercive force in 
the range of 1000 - 5000 Am'T, generally of about 3000 
Am-I , and high remanent magnetisation, so the material 
is suitable for the semi-hard (deactivating) element. 
The ferromagnetic content is due to the presence of a 
martensitic phase generated during cold-working. The 
martensite can be retransformed to non-magnetic 
austenlte by a suitable heat treatment, such as heating 



to approximately 800^0. The heating should not be 
maintained for any great length since prolonged high 
temperature treatment leads to the formation of 
carbides, which stabilises the martensite. However^ 
the cooling rate should be sufficiently slow to allow 
time for the phase transformation to austenite to take 
place. 

This phase transformation is of great advantage 
since by selective area heat treatment, a continuous 
film or strip of stainless steel can be formed which 
has alternating regions of magnetic and non-magnetic 
material. As mentioned before, this enhances the 
effect of the semi-hard magnetic material on the active 
element. The selective heat treatment may for example 
be carried out by laser beeim or electron heating, or by 
induction heating or localised resistive heating. 
Stainless steel also has the advantage over more 
conventional special magnetic alloys of being low-cost 
material, since it is widely commercially available. 

The invention will be illustrated by the following 
Examples, which are of non-limiting of the scope of the 
invention. Reference is made, in the following, to the 
accompanying drawings, in which: 

Figure la illustrates a press tool used in one 
embodiment of the invention; 

Figure lb is an enlarged view of a part of the 
tool shown in Figure 1a; 

Figure 2 illustrates the pattern resulting from 
the use of the tool of Figure 1 in the cold working of 
a metal foil; 

Figure 3 shows a schematic view of a heated press 
used for selectively annealing predetermined areas of a 
metal foil; and 

Figure 4 illustrates schematically the result of 
using the press of Figure 3. 

Reference will be made to the drawings in the 




Examples which now follow. 

EXAMPLE 1 

This Example describes the manufacture of a 
deactivation material from electroformed nickel foil. 
5 A continuous roll of electroformed plain nickel foil 
having a thickness of 20 microns was purchased from 
INCO Alloys Ltd in the UK. The foil was then annealed 
for 24 hours at a temperature of 280^C, followed by a 
24 hour cooling period to room temperature* This 

10 reduced the coercive force from 6000 kA/m to 2000 kA/m^ 
which was the required value for this particular 
application. The finished material was in the form of 
a roll of width 50 cm. This roll was then slit to 
rolls of width 8 mm, and then used as the deactivator 

15 supply material for lamination with other components in 
an anti-pilferage label manufacturing process. 

EXAMPLE 2 

This Example describes the manufacture of a hole- 
permeated foil of deactivation material using an 

20 electroforming process. The same electrolytic process 
and conditions as in Example 1 were used, but the 
forming maiidrel consisted of a titanium drum of width 
50 cm, covered with a continuous array (based on a 
hexagonal lattice) of circular embedded epoxy resin 

25 islands of diameter 1.5 mm and centre to centre spacing 
of 3 mm. The resin was embedded in depressions of the 
appropriate size machined into the titanium drum to a 
depth of 1 mm, and the resin was then machined back to 
be flush with the drum surface. Electroforming the 

30 foil on this mandrel produced a 20 micron thick nickel 
foil which could be produced continuously and which had 
1 .5mm circular holes the pattern of which corresponded 
to the pattern of the epoxy resin islands. The foil 
was then annealed in the manner described in Example 1 . 

35 Finally, the foil was laminated to a continuous foil- 
like 'active' magnetic material which had been 



deposited on a 25 micron polymer film. The advantage 
of this process is that the active material and the 
deactivation material may be handled as continuous webs 
for the lamination process^ and thereby facilitated the 
production of a continuous web which could then be cut 
into deactivatable anti-pilferage markers of axly 
required size* 

EXAMPLE 3 

This Example describes the manufacture of a 
structurally continuous deactivation foil which is 
rendered magnetically discontinuous by a selective cold 
working process. The same nickel foil as that employed 
in Example 1 was used in this Example. The foil, of 
width 50cm, was fed into a flatbed parallel press as 
illustrated in Figures la and lb. The press tool 
consisted of a lower face 1 formed of a mild steel 
which was machined to be smooth and flat; and an upper 
face 2 which was formed with a mesh of lines 3 arranged 
in a square grid array, the side of the square being 
2.5cm. The upper face 2 was formed of a tool grade 
steel, and the square grid pattern 3 was formed by 
machining the array of grid lines to a depth of 0.5mm. 
(see Figure 1b). The press tool 1,2 covered an area 
of 50cm X 2cm, so that by feeding the nickel foil 
through the press in a direction normal to the long 
side of the tool, and advancing the foil in steps of 
2cm after each pressing operation, the entire 
continuous roll of foil could be treated easily. The 
result of using this press tool was to form a roll of 
foil carrying a deformation pattern 4 (see Figure 2) 
throughout its width and length, the pattern conforming 
to that of the grid array of Fig. lb. In order to 
achieve the desired degree of plastic deformation in 
the lines 4 of the treated foil, without requiring 
cutting or significant bending of the foil, it was 
found that a press force in the range of 20 to 100 tons 



weight per stroke of the press tool was required. 
Advantageously, the force was about 50 tons force. 
Below the lower limit of 20 tons, the resultant plastic 
deformation was insufficient to cause an adequate 
disruption of any magnetic circuit in the plane of the 
foil. The resultant continuous foil roll of 
deactivating material was thfen laminated to an active 
magnetic material {in the form of a foil) in a 
continuous process as described above in Example 2. 

EX&HFUB 4 

A nickel foil was pressed with a deformation 
pattern, as described above in Example 3, but in this 
Example a rotary embossing- type process was used in 
place of the flatbed press of Figure K The 
cylindrical rotary roller tools were of similar 
materials and patterns to those described in Example 2, 
but lower farces, in the range 2-10 tons force, were 
necessary because the instantaneous contact area was 
smaller in this example. This produced a similar 
material to that described in Example 3 but the foil 
could be processed more quickly and there was less tool 
wear in the rotary process. 

This example describes the production of a 
deactivator material from a stainless steel. AISI type 
301 stainless steel was cold-rolled to a thickness of 
80 microns, and then fully thermally annealed until it 
was essentially non-magnetic. This foil was then cold- 
rolled to a thickness of 40 microns, at which degree of 
deformation it displayed a cdercivity of 3 kA/m, and a 
remeuience ratio of 0.8. 

EXAHELB 6 

The foil produced by the method of Example 5 was 
suitable for use in the manner described above in 
Example 1, as a continuous and magnetically homogeneous 
deactivator foil or strip. Alternatively, the material 



could be rendered magnetically discontinuous, giving a 
result analogous to the Ni material of Exstmple 4; a 
technique for achieving this magnetically discontinuous 
state will now be described. 

The steel foil was fed into a continuous flatbed 
press where the press tools were configured as shown in 
Figure 3, i.e. such that the lower plate 5 formed a 
flat-toothed metal clamp (having, teeth 7) and the upper 
plate 6 had similar clamping teeth interleaved with 
heating elements 8. The elements were maintained at a 
temperature in the range of 800^0 to 1200^0, preferably 
at about lOOO^^C, and pressed into contact with the 
rolled steel sheet (with very little pressure) for a 
duration of approximately 0«2 seconds. The flat teeth 
gripping the foil were cooled by a recirculating water 
system, and they serve to keep the non-heated areas of 
the foil, adjacent to the heated areas, at a low 
temperature so that they were not affected by the 
heating elements 8. By feeding the foil through the 
press, the rolled foil was covered with a continuous 
pattern of stripes of annealed and non-annealed 
material since the material in contact with the heating 
elements was annealed and became non-magnetic. The 
'striped" foil was slit into reels of 2 mm width, and 
the reels were them laminated to a continuous strip of 
0.8 mm wide Vitrovac 6006 alloy (from Vacuumschmeltze 
of Germany), to produce strips of deactivatable markers 
which could be cut to any desired length. 



CLAIMS: 

1 . A magnetically active tag or marker which 
comprises a substrate; an 'active^ magnetic material 
which is a soft magnetic material having a high 
5 magnetic peznaeability and a low coercive force; cuid a 
. deactivating material which is a hard or semi-hard 
magnetic material having a moderate or high coercive 
force and a moderate magnetic permeability, whereby the 
deactivating material, when subjected to a sufficiently 

10 high magnetising force, is able to clamp the magnetic 

properties of the 'active' material so as to deactivate 
the 'active* material, characterised in that at least 
one of said 'active' material and said deactivating 
material is formed by an electrodeposition process, 

15 2» A tag or marker as claimed in claim 1, 

characterised in that said at least one material is 
formed by electroforming or electroless chemical 
deposition. 

3^ A tag or marker as claimed in claim 1 or 2, 
20 characterised in that the 'active' material is a 
nickel-iron alloy containing at least 60 atomic % 
nickel and formed by an electrodeposition process, 

4. A tag or marker as claimed in claim 3, 
characterised in that said 'active' material is an 

25 alloy consisting of 75-80 atomic % nickel and 25-20 
atomic % iron, 

5. A tag or marker as claimed in any preceding 
claim, characterised in that the deactivating material 
is nickel, iron, a nickel-iron alloy, a nickel-cobalt 

30 alloy, cobalt, or a cobalt-tungsten alloy. 

6. A tag or marker as claimed in any preceding 
claim, characterised in that said at least one material 
is formed as a discontinuous foil or layer or as a 
plurality of islands carried by a substrate, by means 

35 of an electrodeposition process in which selective 
deposition is achieved by a masking technique. 



7. A tag or marker as claimed in any preceding 
claim, characterised in that said at least one material 
has a columnar grain structure. 

8. A tag or marker as claimed in any one of. 
claims 1 - 6, characterised in that said at least one 
material has a planar grain structure « 

9. A tag or marker as claimed in 7, characterised 
in that said colmanar grains are coated with a thin 
layer of planar grains. 

10. A tag or marker as claimed in any preceding 
claim characterised in that said at least one material 
is subjected to a deformation process after being 
formed by an electrodeposition method. 

11. A tag or marker as claimed in claim 10, 
characterised in that said at least one material has 
been subjected to a stamping, rolling, pressing or 
embossing process. 

12. A tag or marker as claimed in claim TO, 
characterised in that said at least one material is 
subjected to mechanical deformation or cold working. 

13. A tag or marker as claimed in claim 10, 11 or 
12, characterised in that only predetermined areas of 
said at least one material have been subjected to said 
deformation process. 

14. A magnetically active tag or marker which 
comprises a substrate; an 'active' magnetic material 
which is a soft magnetic material having a high 
magnetic permeability and a low coercive force; and a 
deactivating material which is a hard or semi-hard 
magnetic material having a moderate or high coercive 
force and a moderate magnetic permeability, whereby the 
deactivating material, when subjected to a sufficiently 
high magnetising force, is able to clamp the magnetic 
properties of the 'active' material so as to deactivate 
the 'active' material, characterised in that said 
deactivating material is a steel which contains 0.15% 



carbon? 16-18% chromium; and 6-8% nickel^ the balance 
being iron, 

15. A tag or marker as claimed in claim t4, 
characterised in that said steel is cold-worked to give 
a coercive force in the range 1000 - 5000 Amp/m and a 
high remanent magnetisation. 

16, A tag or marker as claimed in claim 15, 
characterised in that said steel is cold-rolled to a 
redaction of about 50%. 
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